The prevalence of malnutrition is reported to be 18--30% in different populations of elderly people in need of health care services ([@cit0001]--[@cit0006]). As yet, there is no established or accepted definition of 'malnutrition' although several definitions have been used in the scientific literature ([@cit0003], [@cit0007], [@cit0008]) and several proposals have been presented ([@cit0009]--[@cit0012]). Hence, there is also no definition of what constitutes an adequate nutritional status.

This article will not attempt to define malnutrition but will elaborate on nutritional status, as a condition, from a comprehensive functional perspective. Impaired nutritional status (as in malnutrition) may not itself be a subjective problem or discomfort, unless it affects the persons' capacities or contributes to their impairments or disease progression. We propose a function-driven nutritional status model in order to visualize the diversity of the situation and also to analyze and discuss nutritional status.

The proposed nutritional status model, as well as the associated nutritional assessment, is developed from questions concerning how nutritional status affects, and is affected by, health or disease. In a young or adult population, the importance of an adequate nutritional status in supporting a long and healthy life is well established. But what about older people who are already in need of health care and social services? Is the aim still to lead a long and, depending on individual circumstances, relatively healthy life? Or is the aim to enable them to live an independent life? And how does the approach to nutritional status in old age affect practice in health care? Populations in geriatric care are heterogeneous, which further complicates the application of scientific research to individuals' needs in health care.

Need for personalized nutritional care {#sec1}
======================================

There is a need for an effective, personalized, and scientifically based model for the assessment and evaluation of nutritional status in old people. Today, most countries and communities are facing a geriatric challenge ([@cit0013]), with an increasing proportion of older people in the population ([@cit0014]). A geriatric nutritional assessment is complicated by multi-morbidity, injuries, and disabilities in combination with nutrition-related problems such as dysphagia, decreased appetite, fatigue, and muscle weakness. Old age is the most dominant risk factor for acute and chronic disease, as well as reduced physical, cognitive, affective, and social function. This functional decline may be the main reason for high risk of malnutrition ([@cit0008], [@cit0015], [@cit0016]), but the risk of malnutrition increases even further in the case of multi-morbidity, and such disease-related malnutrition is common in old people ([@cit0017]). The increased risk of malnutrition found in research may, however, be due to the method used for nutritional assessment, as some methods are based on parameters such as the number of drugs used, living arrangements (e.g. living at home vs. living in the nursing home), and diagnoses (e.g. dementia), indicating an increased risk of malnutrition according to the screening method. A minimum age, or definition of elderly people, for the proposed approach on nutritional status is not defined, as each individual situation has to be taken into concern. The concept of 'frailty' has been proposed to make a distinction between biological and chronological ages and is therefore applicable in this proposed model as it highlights the challenges of geriatric nutrition. Nutritional assessments require knowledge, qualified personnel, and scientifically based methods to evaluate and meet the nutritional needs of people at old age.

A comprehensive perspective is needed to adequately assess and interpret nutritional status in elderly people, as visualized in the proposed model for assessment of nutritional status ([Fig. 1](#F0001){ref-type="fig"}). The model takes account of the heterogeneity of the elderly population, with various symptoms, disorders, and treatments affecting their nutritional status. Nutritional research, as well as the clinical methodology of nutritional assessment, has to explore associations between nutritional status and its predictors, exposures, and outcomes. In clinical practice and also in research we need a personalized approach, taking into account the heterogeneity of the population and the complex nature of nutritional status ([@cit0018]). Too often research including nutritional assessments ignores the complexity of nutritional status in elderly people and uses a single parameter such as low body mass index or low energy intake, or else it is based on simple screening methods such as the Mini Nutritional Assessment or Subjective Global Assessment. Also, most instruments aim to evaluate the presence of malnutrition rather than to adequately assess nutritional status.

![Individualized model for assessment of nutritional status, including an obligatory examination of each of four domains, namely, (1) physical function and capacity; (2) health and somatic disorders; (3) food and nutrition; and (4) cognitive, affective, and sensory function. Each domain contributes to nutritional status. Optimal function (defined for each person) is the most important factor in analyzing nutritional status and at the same time is the overall goal of any actions and treatment.](FNR-62-1366-g001){#F0001}

In the proposed nutritional status model, the goal for actions and treatment in the clinical setting is to identify and achieve optimal function (and the optimal situation) for each person or patient. The model describes the complex interaction between four domains contributing to the overall goal -- the optimal function.

Aim of the nutritional status model {#sec2}
===================================

The proposed model aims to visualize the interplay between the main components of nutritional status from an aging perspective. It is intended to be used in nutritional assessments in research as well as in clinical settings.

The four domains included in the proposed model of nutritional status were identified by two background questions: 'What constitutes adequate nutritional status in old people?' and 'How do health care professionals perceive nutritional status in elderly people?' The model should be applied flexibly, as the domains are interrelated and these interrelations are individually specific. The model may also require that in specific cases domains should be added or rebuilt.

The complexity of nutrition is highlighted within this research, as food has nutritional, social, biomedical, and functional implications. In the proposed model, we use four domains, overall categories or blocks in a comprehensive framework, to facilitate a fruitful discussion as part of the process of assessing nutritional status.

1.  Physical function and capacity: comprising muscle strength, activities of daily living (ADL) functioning, physical activity, body composition, etc.

2.  Health and somatic disorders: comprising prescribed pharmaceuticals, physical symptoms, current diseases, health-related quality of life, inflammation, etc.

3.  Food and nutrition: comprising intake of energy and nutrients, mealtime habits, fluid intake, dietary patterns, etc.

4.  Cognitive, affective, and sensory function: comprising cognitive decline, depression, mood, sense of taste and smell, etc.

In practical use, the model encourages transdisciplinary competence. No specific speciality has precedence of any area or domain, and no specific area or domain has precedence over any other area or domain, in the model.

The model could be interpreted as indicating that nutritional status is conditional to a person's optimal function (as defined by themselves), where each of the four domains contributes to the final goal (of optimal function). Also, the model could be interpreted as showing that nutritional status affects each domain and, consequently, the individual's optimal function. Each domain has a great impact on nutritional status, which has a great impact on the outcome of the domains, as explained below. In each individual case, each domain is more or less important for achieving optimal function, as the optimal function is defined by each person and each particular situation or setting.

In the following, the four domains are described and presented from this perspective.

Physical function and capacity {#sec2.1}
------------------------------

In the framework of this article, 'physical function' mainly comprises muscle, cardiovascular, and pulmonary function. Physical function is not necessarily related to physical capacity. The muscle function of leg muscles (measured using leg press) may be adequate, but when it comes to the capacity of performing household chores, the physical (i.e. muscle) function (e.g. strong legs) has to be transformed to physical capacity (e.g. walking, standing, bending, and keeping the balance). In general, loss of muscle mass is associated with loss of functional capacity and also with the risk of developing chronic metabolic disease ([@cit0019]).

Change in body weight is often used as a primary outcome measure in nutritional interventions in the elderly, in research, as well as in clinical practice. As an isolated biomarker, the individual's physical capacity will probably matter more than body weight. The ability to perform ADL is highly relevant in this context, as loss of muscle cell mass is related to loss of ADL function ([@cit0020]), and malnutrition is correlated with dependence on other people for ADLs ([@cit0021]). Nutritional interventions (dietary advice and nutritional supplementation) with the goal to improve ADL functions are most useful for people at risk of malnutrition ([@cit0022]).

Body composition is strongly related to nutritional status. Body fat mass and fat-free mass are associated with physical ability, morbidity, and mortality ([@cit0023], [@cit0024])*.* Body composition changes in old age, even in individuals with a stable body weight, and is characterized by increased fat mass and reduced fat-free mass ([@cit0025]). This change, probably due to hormonal changes, inadequate nutritional intake, increased morbidity, and less physical activity and exercise, among other reasons, causes sarcopenia and impaired physical function ([@cit0007], [@cit0026]).

Older people, especially those with multi-morbidity, have increased levels of systemic inflammatory markers, such as C-reactive protein (CRP) ([@cit0026]), and chronic inflammation also denoted as 'inflammaging'. Increased levels of inflammatory activity impair the anabolic processes in the body, as an anabolic block ([@cit0027]). The inflammatory condition may also decrease the intake of energy through loss of appetite, a condition also called 'anorexia of ageing' ([@cit0028]). Nutritional interventions in such a catabolic state are complicated and should not focus merely on achieving a positive energy balance, as this will result in increased body weight, meaning predominantly increased body fat. This may, in turn, stimulate the systemic inflammatory activity and hamper the anabolic processes even further ([@cit0028]).

In summary, physical function and capacity affect nutritional status in a bidirectional fashion. Changes in body weight as an indicator of a person's nutritional status have to be measured in terms of various body function indicators, as a complement. Physical function and capacity may be measured as muscle strength, ADL function, physical activity, body composition, etc.

Health and somatic disorders {#sec2.2}
----------------------------

Disease may negatively affect appetite, which can, in turn, lead to impairment of nutritional status and functional performance. As described previously in this article, old age is associated with chronic systemic inflammation (inflammaging), which substantially affects morbidity and mortality ([@cit0029]). Physical exercise has been discussed as preventive action ([@cit0030]), but its effect has not been clearly proven. The presence of this systemic inflammatory activity also disqualifies the use of serum albumin concentrations as a valid indicator of nutritional status. Because of its characteristic as a negative acute phase protein, it reflects inflammatory status rather than indicating adequate protein intake in particular, or nutritional status in general ([@cit0031]).

Acute or somatic disorders, and their treatment and the resulting functional impairments, may negatively affect the ability to ingest and/or digest a meal, as well as to absorb macro- and micronutrients, hence negatively affecting nutritional status. A poor nutritional status also impairs the immune function, increasing the risk of disease and contributing to a negative trend. Disease and multi-morbidity have traditionally been considered as a confounder (or just ignored) in the research on nutritional status and malnutrition. However, in the model presented here, this is an essential part of and contributor to nutritional status. Classification of disease status could not only be achieved by diagnosis or a combination of diagnoses, but also the number or category of pharmaceuticals can be an indicator of disease status.

The presence of physical or psychological symptoms, due to disorders, may affect not only dietary intake but also other components of lifestyle, such as physical activity and social interactions. Conversely, poor nutritional status may have an impact on physical capacity and social interaction and consequently will affect the quality of life.

In summary, the presence of disease and multi-morbidity, and the inflammation and symptoms they may cause, closely affect the nutritional status in a bidirectional fashion. The domain of health and somatic disorders may be measured as prescribed or used pharmaceuticals, physical symptoms, current diseases, health-related quality of life, inflammation, etc.

Food and nutrition {#sec2.3}
------------------

Old age *per se* does not cause reduced dietary intake. However, if functions required for habitual activities (such as shopping, cooking, and eating) are compromised due to disease or reduced capacity, then the intake of energy and nutrients will be decreased ([@cit0032]--[@cit0035]). The changes in food habits, in combination with the ongoing disease, challenge the health practitioners to provide individualized care and achieve a comprehensive view of the person's nutritional status.

The Nordic Nutrition Recommendations (NNR) ([@cit0036]) include dietary reference values for nutrients, foods, food patterns, physical activity, and sustainable food, with the aim to help prevent illnesses and chronic diseases. The reference values are adapted to different age groups, from infants to older adults, in good health. The use of reference values in frail elderly people, or those at immediate risk of frailty or malnutrition, is complicated and, hence, determining adequate nutritional intake on an individual basis in these elderly individuals is cumbersome and not evidence based. Therefore, more research in needed for this specific group of people. On an individual level, the care needs to be based on, among others, a comprehensive examination of energy need, body composition, physical function, and biomarkers.

The intake of fluids is rarely included in the analysis of dietary intake, although it is an essential contributor to optimal metabolic function and nutritional status. An impaired ability to achieve essential hydration status in combination with decreased fluid intake is common in old age ([@cit0036], [@cit0037]), and overt dehydration has been reported in old people in need of health and social care ([@cit0038]--[@cit0040]). However, the importance of fluid intake is probably underestimated in clinical practice ([@cit0041]). Low fluid intake is not synonymous with dehydration, as the risk of dehydration is also affected by the presence of diseases, and their treatment, as well as by the person's general physical condition. Unfortunately, the impact of dehydration and insufficient fluid intake in old age is insufficiently studied, although confusion and cognitive impairment have been reported as symptoms ([@cit0042], [@cit0043]). Impaired cognitive performance may occur with dehydration matching only 2% of the person's body weight ([@cit0044]), and older people may reach this level of dehydration earlier than younger people, as body water volume decreases with age ([@cit0045]). The NNR ([@cit0036]) presents a guiding value of water and fluid intake (in addition to water from foods) at 1--1.5 L/day for adults. There is no specific recommendation for older people, but it is concluded that elderly people should have a broader safety margin due to less capacity to concentrate urine and often impaired feelings of thirst.

Food and nutrition is probably the domain most obviously associated with nutritional status, but it is complex as it comprises aspects such as adequate intake of macro- and micronutrients, dietary patterns, mealtime situation, mealtime habits, surrounding environment, and social interaction during meals. Food intake may be perceived as a pleasant event, but can also be a medical treatment, as well as a necessity for survival. Hence, the solution to an individual nutritional problem needs to be more than a recommendation of a specific dietary intake ([@cit0008]), and nutritional intervention studies should include a functional perspective in the nutritional assessments or outcomes.

In summary, food and nutrition, as the most obvious of the domains included, affect nutritional status in a bidirectional fashion. The food and nutrition domain should be analyzed from a broader perspective.

Cognitive, affective, and sensory function {#sec2.4}
------------------------------------------

Adequate cognitive function is crucial for most activities in daily living, including planning and preparing meals, food intake, physical exercise, and other factors contributing to adequate nutritional status. In the care of people with dementia, the importance of creating a dining environment based on each and every person has been emphasized ([@cit0046]), as the physical environment has a major impact on the food and meal experience and, hence, the person's nutritional status.

The definition of 'cognitive function' may comprise mood, regulation of anxiety, concentration, memory, and motivation or initiative. Most available scientific reports on the interaction between nutritional status and cognitive function deal with the hydration issue, or with the impact of dementia. Malnutrition is more common in people with dementia ([@cit0047]), with difficulties handling mealtimes during the progression of the disease ([@cit0048]). The identified increase in risk may also be due to the methods used for nutritional assessment.

An association between impaired nutritional status and depression has been observed, but the causal relationship is complex and it can be questioned whether depression is the cause or consequence of impaired nutritional status ([@cit0049]).

Impairment of olfactory function worsens with age, and the prevalence is higher in malnourished and multi-morbid people ([@cit0050]). This may negatively affect dietary intake, and it may cause specific micronutrient deficiencies that may, in turn, deteriorate olfactory function. However, the association between malnutrition and olfactory function has not been widely investigated and can be questioned ([@cit0051]).

In summary, cognitive, affective, and sensory functions affect nutritional status in a bidirectional fashion. To assess this domain, measurements of cognitive function or decline, depression, mood, and sensory function such as taste and smell can be used.

Conclusion {#sec3}
==========

A model for assessing nutritional status is presented. We argue that nutritional status is a multi-faceted concept and the presented model highlights the complexity. Several knowledge gaps exist in each domain, leading to uncertainty and lack of evidence on how to diagnose, prevent, and optimize nutritional status in an individual and personalized setting.

The proposed nutritional status model has been used in a research setting but not in regular clinical setting. The model should, therefore, be implemented in various settings in order to generate experience. In research setting, it has supported the understanding of the complex role of nutrition in the health and well-being of the elderly, at a group level as well as at an individual level, supporting comprehensive geriatric assessment.
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